reported by Hanley (1997) . Salamé and Baddeley (1982) claimed the reason for this interaction is that concurrent articulation isolates visually presented material from the phonological store. Although performance will be lower as a consequence, it will not be further reduced by exposure to irrelevant speech.
It follows from the phonological loop model that if the target material is presented auditorily, then irrelevant speech should reduce serial recall performance under articulatory suppression. This is because the auditorily presented list items will enter the phonological store automatically. As a consequence, list items will be subject to interference from irrelevant speech even though concurrent articulation is taking place. This prediction was supported by Hanley and Broadbent (1987) . They showed additive effects of irrelevant speech and articulatory suppression on the recall of auditorily presented lists of items in two out of three experiments even when articulatory suppression continued during presentation and recall. We investigate this issue further in Experiment 1.
The phonological loop model also provides an account of the relationship between the effects of irrelevant speech and the effects of phonological similarity (Baddeley, 1966 (Baddeley, , 1968 Conrad & Hull, 1964) on serial recall. It is claimed (e.g., Baddeley, Lewis, & Vallar, 1984 ) that the representations of phonologically similar items cause interference to one another within the phonological store. Consistent with this claim, a number of studies have shown that with visual presentation of list items, the effects of phonological similarity are also abolished by articulatory suppression (e.g., Baddeley et al., 1984; Longoni, Richardson, & Aiello, 1993; Murray, 1967 Murray, , 1968 . Because both the irrelevant speech effect and the phonological similarity effect reflect the operation of the phonological store, it follows from the phonological loop model that the effects of phonological similarity and irrelevant speech should be additive. In other words, phonologically similar items should be recalled worse than phonologically different items even in the presence of irrelevant speech. Although this prediction has been supported in some studies (Jones & Macken, 1995; 1 Larsen, Baddeley, & Andrade, 2000; Salamé & Baddeley, 1986) , the evidence is mixed. Neither Colle and Welsh (1976) nor Surprenant, Neath, and LeCompte (1999) observed a phonological similarity effect in the presence of irrelevant speech. We investigate this issue further in Experiment 2. Neath's (2000) alternative model of the irrelevant speech effect is based on Nairne's (1990) feature model. The feature model assumes that each item from a list is represented in memory as a discrete set of features that are set to either 1 or 21. Every item is represented in both primary memory and secondary memory. Although secondary memory traces are considered to be intact, traces in primary memory are subject to interference from later items. The presentation of a new item that shares a feature value with one or more items from earlier in the list will have the effect of altering the value of that feature from 1 or -1 to zero in the memory traces of all the previously presented items. This renders the feature useless for the purposes of recalling the earlier items. At recall, each trace in primary memory is used to access the most similar trace in secondary memory with the trace that has greatest feature overlap with the trace in primary memory becoming selected for recall. As features become lost from the trace of the item in primary memory, so the probability increases that an incorrect item will be recalled.
Feature Model Account of the Irrelevant Speech Effect
The features that represent list items are either modalityindependent or modality-dependent features. The former are activated regardless of modality of presentation, whereas different modality-dependent features are activated when an item is presented visually from those that are activated when it is presented auditorily. It is assumed that there are more modality-dependent features associated with the auditory modality than with the visual modality (hence the modality effect in serial recall).
The Effects of Irrelevant Speech and Articulatory Suppression
According to Neath (2000) , irrelevant speech and articulatory suppression reduce recall in broadly similar ways. The word that is repeated by the participant during articulatory suppression causes additional interference to previously presented list items. Some of the modality-independent features in primary memory are replaced by features of the word that is articulated, a process referred to as feature adoption. To simulate this effect, half of the modalityindependent features in each trace are set to a constant value (11). Feature adoption is also the cause of the interference that is brought about by irrelevant speech. Some of the features of the words in the irrelevant speech stream replace features of the traces of the target items in Figure 1 . A representation of the phonological loop model taken from Gathercole and Baddeley (1993) . Speech inputs (e.g., irrelevant speech and auditorily presented list items) gain automatic entry to the phonological store. Nonspeech inputs (e.g., visually presented list items) require articulatory rehearsal in order to access the phonological store and are therefore cut off from the phonological store by articulatory suppression. Irrelevant speech will interfere with the representations of list items if and only if they are being held within the phonological store. The form in which visually presented words or letters are stored under suppression is not specified by the model. primary memory. This process is simulated by replacing half of the modality-independent features in each trace by a random combination of 11s and 21s. 2 On the basis of the claim that irrelevant speech and articulatory suppression exert similar effects on traces in primary memory, Neath (2000) argued that there will be no extra interference from irrelevant speech under conditions of articulatory suppression. Here the predictions of the feature model are in conflict with the predictions of the phonological loop model. The phonological loop model and the feature model both predict that there will be no effect of irrelevant speech under conditions of articulatory suppression when list items are presented visually. With auditory presentation of list items, however, the phonological loop model predicts additive effects of articulatory suppression and irrelevant speech, whereas the feature model predicts a reduced effect of irrelevant speech when articulation is suppressed. These rival predictions were investigated in Experiment 1.
The Effects of Irrelevant Speech and Phonological Similarity
Under normal conditions in Neath's (2000) simulations, a random sample of 50% of the features in any two traces will be set to the same value. The effects of phonological similarity are simulated by setting a consistent set of features to the same value in phonologically related items. This means that there will be a higher proportion of shared features in the traces of list items than would be the case in phonologically different lists. By the time of recall, therefore, virtually all of these feature values will have been turned to zeros in the primary memory traces, and performance will be relatively poor as a consequence. With visual presentation of list items, the feature model predicts that there will be no effect of phonological similarity under conditions of irrelevant speech. This is because recall of visually presented material depends heavily on modalityindependent features (there are limited modality-dependent features associated with the visual modality). However, irrelevant speech has already interfered with the representations of modality-independent features, and phonological similarity will produce no further damage to them.
Here again, the predictions of the feature model and the phonological loop model are in conflict. The phonological loop model predicts that irrelevant speech and phonological similarity should be additive for visually presented list items. As we saw earlier, previous research on this issue has produced mixed results, with only some of the published studies demonstrating additive effects of phonological similarity and irrelevant speech. In Experiment 2, we investigated possible reasons for these inconsistencies. Neath's (2000) feature model predicts that there should be no effect of irrelevant speech under articulatory suppression when list items are presented auditorily (see the right panel of Simulation 6, Neath, 2000, p. 418). The only previously published investigation of this issue was provided by Hanley and Broadbent (1987) . In their first experiment, they found that articulatory suppression removed the irrelevant speech effect. However, there were some reasons why the sensitivity of this experiment may have been limited. First, different participants were used in the speech and quiet conditions. Second, list length was long (nine items per list), and it has been claimed that participants might stop using the phonological loop altogether when conditions are very difficult (Baddeley, 2000) . In their final experiment, Hanley and Broadbent employed a within-subjects experiment and attempted to make the task easier by reducing list length to six items per list. Under these circumstances, there were additive effects of irrelevant speech and articulatory suppression, consistent with the phonological loop model. Neath suggested that these results might have come about because the irrelevant speech masked the perception of the auditorily presented target items. This masking would have caused an additional detrimental effect on recall under conditions of articulatory suppression. Hanley and Broadbent (p. 291) argued against such an explanation by demonstrating unimpaired perception of auditorily presented target items when accompanied by irrelevant speech. Experiment 1 sought to investigate this issue further by presenting the irrelevant speech during the retention interval between presentation and recall instead of during input.
EXPERIMENT 1
In Experiment 1, therefore, a technique used previously by Miles, Jones, and Madden (1991) was employed. Using visual presentation of target material, Miles et al. showed that the effects of irrelevant speech were as strong when it was presented during the retention interval as when it was presented at the same time as the list items. In Experiment 1, we used Miles et al.'s procedure with auditory presentation of list items. Half of the participants were exposed to irrelevant speech during the retention interval and half were exposed to irrelevant speech during list presentation. If some of the effects of irrelevant speech on auditorily presented list items come about because of perceptual masking at encoding, then these effects should be significantly reduced if the irrelevant speech is presented during the retention interval only. If there is an effect of irrelevant speech under articulatory suppression simply because the irrelevant speech masks the target items, then there should be additive effects of irrelevant speech and articulatory suppression when irrelevant speech is presented during list presentation. When irrelevant speech is presented during the retention interval, there should be an interaction between irrelevant speech and articulatory suppression such that there is no effect of irrelevant speech in the articulatory suppression conditions. The phonological loop model, on the other hand, predicts that the irrelevant speech should exert similar effects on recall when articulation is suppressed regardless of whether the speech occurs during list presentation or the retention interval.
Method
Participants. Forty students at Essex University volunteered to take part in the experiment and were tested individually. Twenty participants were assigned at random to the two experimental groups.
Design. The experiment employed a mixed factorial design. Location of irrelevant speech (during list presentation or during the retention interval) was manipulated between subjects. Irrelevant speech (present vs. absent) and articulatory suppression (present vs. absent) were manipulated within subjects. Each participant therefore took part in four different conditions: control, articulatory suppression alone, irrelevant speech alone, and articulatory suppression plus irrelevant speech. The order in which participants performed these conditions was counterbalanced by the use of a Latin square.
Materials . All lists contained six target items. The lists comprised randomly ordered sequences of the digits 1-9 sampled with replacement. A total of 60 such lists were prepared, with 15 lists in each of the four conditions. The first three lists in each block were treated as practice lists. Materials were presented by an Apple Macintosh using the Quicktime application. The Final Cut-Pro application was used to edit the tapes.
Procedure. Each participant wore stereo headphones for the duration of the experiment. A 1-sec tone presented in the right headphone alerted participants to the start of each list. One second after the tone, they heard the target items through the right headphone spoken by a female voice at a rate of one digit per second. Each participant listened to 60 lists of items, separated into four blocks containing 15 lists each with a break between blocks while the new set of instructions was presented. For two blocks, once in the presence of irrelevant speech and once without, the participant had to repeat the word and at a rate of approximately two repetitions per second during presentation, retention interval, and recall of the target stimuli. Participants' articulation was monitored to ensure that a steady rate was maintained throughout the experiment.
In all lists, there was a retention interval of 10 sec (the same retention interval as that used by Miles et al., 1991) between presentation of the final item and recall of the target items. Participants were told that they should try to remember the numbers by repeating them silently to themselves during the retention interval. A further tone sounded to mark the end of the retention interval. This was the signal for participants to commence recall of the list items. They were told to write the list items down in the order in which they had heard them, and that they were not allowed to change any earlier items once they had written down a subsequent item. Their recall sheet contained six boxes for each list corresponding to the six serial positions. They were allowed 12 sec to recall the digits before a further tone sounded to tell them to stop recall. There was then a gap of 5 sec before the tone sounded again to signal the start of the next list.
Irrelevant speech was presented through the left headphone spoken by a male voice. Irrelevant speech comprised letters of the alphabet being read out in a random order at the rate of approximately one and a half letters per second. All 60 lists were associated with a different 6-sec segment of irrelevant speech. For half of the participants, the irrelevant speech occurred during list presentation. For these participants, the irrelevant speech started exactly 1 sec after presentation of the first digit and continued until 1 sec after the final list item had been presented. The other half of the participants heard the irrelevant speech during the last 6 sec of the retention interval. For each list, exactly the same token of irrelevant speech was used regardless of whether it occurred during presentation or during the retention interval. This ensured that the "dose" (Bridges & Jones, 1996) of the irrelevant speech was identical regardless of whether it was presented at encoding or during the retention interval.
Results
A significance level of .05 (two-tailed) was established for all statistical tests reported in this paper. Overall mean performance in Experiment 1 is summarized in Figure 2 . A three-way analysis of variance was performed on the number of items correctly recalled in serial order. This revealed a significant main effect of irrelevant speech [F(1,28) = 39.5, MS e = 31.9], a significant main effect of articulatory suppression [F(1,38) = 277.0, MS e = 56.1], but no effect of location of the irrelevant speech (F < 1). The interaction between articulatory suppression and irrelevant speech was significant [F(1,38) = 8.1, MS e = 31.4]. Neither of the remaining two-way interactions approached significance. The three-way interaction also failed to reach significance (F < 1).
The significant interaction between articulatory suppression and irrelevant speech was further investigated by tests of simple main effects. These revealed significant ef- . The interaction between irrelevant speech and articulatory suppression seems to have occurred because the effects of irrelevant speech are somewhat larger with rather than without articulatory suppression (Figure 2) . The most likely explanation is that the effects of irrelevant speech are being reduced slightly in the no-suppression condition as a result of a ceiling effect.
Discussion
The results of this experiment have replicated those of the second and third experiments by Hanley and Broadbent (1987) in showing significant effects of irrelevant speech on auditorily presented items under conditions of articulatory suppression, consistent with Salamé and Baddeley's (1982) phonological loop model. Because auditorily presented items enter the phonological store automatically, they will be subject to interference from irrelevant speech even under conditions in which participants perform articulatory suppression. The results are contrary to the predictions of Neath's (2000) feature model. Neath argued that articulatory suppression and irrelevant speech both interfere with the representations of modalityindependent features in primary memory traces. Once articulatory suppression has affected these memory traces, irrelevant speech should cause them no further damage.
The findings reported here extend those of Hanley and Broadbent (1987) by showing significant effects of irrelevant speech under conditions of articulatory suppression even when the irrelevant speech was presented during the retention interval (Figure 2) . Neath (2000) suggested that the effects of irrelevant speech under articulatory suppression that Hanley and Broadbent reported might have come about because the irrelevant speech masked the perception of the auditorily presented target words. If this suggestion were true, one would have expected that the effects of irrelevant speech should have been greatly reduced when the irrelevant speech was presented during the retention interval. This is because there can be no perceptual masking when the irrelevant speech starts several seconds after the target items have been presented. The absence of any relationship between the location of the irrelevant speech and the strength of the irrelevant speech effect (Figure 2) shows that this is not the case. If Neath's suggestion were true, there should also have been additive effects of irrelevant speech and articulatory suppression when the irrelevant speech occurred at encoding, but an interaction between articulatory suppression and irrelevant speech when the irrelevant speech occurred during the retention interval. The complete absence of any threeway interaction shows that this is not the case. The strength of the irrelevant speech effect under articulatory suppression is just as strong when the irrelevant speech occurs in the retention interval as when it occurs during list presentation (Figure 2) . The results therefore further confirm one of the key predictions about the irrelevant speech effect made by Salamé and Baddeley's (1982) phonological loop model.
It is well known that the presentation of a single item, or "suffix," immediately after the final item in a list can significantly reduce serial recall of auditorily presented lists (e.g., Crowder, 1967) . According to some (e.g., Crowder & Morton, 1969) , the suffix interferes with the precategorical representation of the final list item within auditory sensory memory. Is it conceivable, therefore, that the effect of irrelevant speech in Experiment 1 came about because the speech functioned as a suffix? If so, the feature model could accommodate the results from Experiment 1. This is because the feature model (see Surprenant et al., 2000) assumes that a suffix interferes with the modality-dependent features of the final list item (whereas irrelevant speech and articulatory suppression interfere with modalityindependent features). However, it seems unlikely that the effects of irrelevant speech when presented during the retention interval acted simply as a suffix. First, Crowder (1978) reported that a suffix had little effect if presented more than 2 sec after the final list item, but in Experiment 1 there was a delay of 6 sec between the presentation of the final list item and the start of the irrelevant speech. Second, there is no evidence that the effects of a suffix can persist over a retention interval as long as that used in Experiment 1 (10 sec). For example, Watkins and Todres (1980) showed that unless the participants were asked to perform a secondary task during the retention interval, a suffix exerted no effect on serial recall if there was a delay of 12 sec between the end of the list and recall. Finally, Morton, Crowder, and Prussin (1971) showed that the effects of a suffix were substantially reduced if the targets were presented to one ear and the suffix to the other. Morton et al. also reported that a pure tone did not produce a suffix effect. Irrelevant speech effects, on the other hand, are produced by sequences of changing-state auditory tones (Jones & Macken, 1993 ). It would therefore be possible to investigate this issue further by comparing the effects of irrelevant tones and irrelevant words when presented during the retention interval following auditory presentation of list items under conditions of articulatory suppression.
EXPERIMENT 2
In Experiment 2, we investigated competing accounts of the combined effects of irrelevant speech and phonological similarity on serial recall. As was pointed out earlier in the paper, some of the available evidence (Jones & Macken, 1995; Larsen et al., 2000; Salamé & Baddeley, 1986 ) is consistent with the phonological loop model because it demonstrates a detrimental effect of phonological similarity on the recall of visually presented list items when participants are exposed to irrelevant speech. In other studies employing visual presentation of target materials (Colle & Welsh, 1976; Surprenant et al., 1999) , however, there was no effect of phonological similarity in the presence of irrelevant speech. These two studies are therefore consistent with the feature model (Neath, 2000) , which predicts that under these circumstances the phonological similarity effect will be abolished by irrelevant speech. Salamé and Baddeley (1986) offered an explanation for why phonological similarity effects sometimes do not occur in the presence of irrelevant speech. In their own study, they varied list length from 5 to 8 items per list. They found clear additive effects at List Lengths 5 and 6. At List Lengths 7 and 8, the interaction between phonological similarity and irrelevant speech approached significance, and at List Length 8 there was no main effect of phonological similarity. Salamé and Baddeley (1986) suggested that at short list lengths, their participants adopted an articulatory/phonological rehearsal strategy that made use of the phonological loop. Salamé and Baddeley (1986) argued that when lists contain large numbers of phonologically similar items, however, phonological coding is likely to be difficult and will be abandoned by many participants in favor of a visual or semantic strategy. In support of this account, they reported that high-performing participants showed additive effects of phonological similarity and irrelevant speech even with a list length of eight items. They suggested that these individuals had greater phonological loop capacity and were able to maintain a phonological coding strategy throughout the experiment. Colle and Welsh (1976) and Surprenant et al. (1999) both used relatively long lists (eight items per sequence). Consequently, Salamé and Baddeley's (1986) account can explain the absence of an effect of phonological similarity in the presence of irrelevant speech in these studies also by assuming that many participants abandoned a phonological coding strategy. Salamé and Baddeley's (1986) account is also consistent with the results of Larsen et al. (2000) , who showed additive effects of irrelevant speech and phonological similarity in two experiments that employed relatively short sequences (six items per list).
Nevertheless, there is no direct evidence to support Salamé and Baddeley's (1986) claim that significant effects of phonological similarity are dependent on the use of a phonological coding strategy. Nor is there direct evidence that a semantic strategy will abolish the effects of phonological similarity. In Experiment 2, therefore, we sought to investigate these issues further by giving some of the participants explicit instructions on how they should encode the target items. One group was told to use a phonological rehearsal strategy. We assumed that this group would use the phonological loop to rehearse the target items. On the basis of Salamé and Baddeley's (1986) account, it was therefore predicted that this group would show additive effects of irrelevant speech and phonological similarity. Another group was instructed to use a semantic strategy, and it was assumed that they would not use the phonological loop. It was therefore predicted that this group would show no effect of irrelevant speech or phonological similarity. A third group was given no instructions (standard procedure in serial recall experiments). We used list lengths of seven items per sequence because this is the length at which Salamé and Baddeley's (1986) results suggested that some participants might abandon a phonological strategy in the presence of irrelevant speech when items are phonologically similar. It was predicted that the performance of this group would resemble that of the participants in Colle and Welsh's (1976) and Surprenant et al.'s (1999) studies in showing effects of phonological similarity only in quiet conditions.
Method
Participants. Fifty-four students at Essex University took part in the experiment and were tested individually. They were either paid £3 or received a course credit for taking part. There were 16 participants in the phonological group, 16 participants in the semantic group, and 22 participants in the control group.
Materials. All lists of target items contained seven randomly ordered items, sampled without replacement, from either a set of phonologically similar letters (B, C, D, G, P, T, V) or a set of phonologically different letters (H, J, R S, L, Y, Z). The irrelevant speech consisted of a tape recording of a passage from Bleak House by Charles Dickens read by a native English speaker.
Design and Procedure. Irrelevant speech (present vs. absent) and phonological similarity (similar vs. different) were both manipulated within subjects. Each participant received a total of 48 lists divided into two blocks of 24 lists each. Participants were exposed to irrelevant speech during one block of lists, and one block was presented in silence. Half of the participants heard irrelevant speech during the first block of lists, and half of the participants heard irrelevant speech during the second block of lists. Irrelevant speech was presented through a loudspeaker during list presentation and during recall of list items. Participants were told to ignore the irrelevant speech. The first four lists during each block were deemed practice lists. Half of the critical and half of the practice lists in each block contained phonologically similar letters, and half contained phonologically different letters. The order of the phonologically similar and different lists within each block was randomized.
Target items were presented one at a time in uppercase on the screen of an Apple Macintosh computer. At the start of each list, the word ready appeared for 0.75 sec on the computer screen. The screen then went blank for 0.5 sec before the first target letter appeared in 48-point Geneva font. Each letter remained on the screen for 1.0 sec with an interstimulus interval of 0.5 sec. After the final letter disappeared from the screen, a tone sounded for 0.25 sec. Participants were then allowed 12 sec to attempt to recall the list items. When the 12 sec was over, the tone sounded and participants were asked to look at the screen once again for the start of the next list. Recall instructions were the same as those used in Experiment 1.
Before the experiment began, the participants were given one of three different sets of instructions. The participants in the semantic group were told to try and remember the letters by turning each one into a word that started with that letter. They were then told to attempt to create a meaningful sentence from the words that they had generated, maintaining the order in which the letters had been presented. They could then use the sentence to help them recall the order of the letters at test. The phonological group was told to remember the letters by repeating them subvocally until they had to be recalled. The control group was given no instructions as to how to remember the items. At the end of the experiment, all participants were asked to describe the strategies that they had used to remember the list items. All of the participants in the phonological group indicated that they had used a phonological strategy throughout the experiment. Sixty-nine percent of the participants in the semantic group reported consistent use of the strategy they had been asked to employ. The strategies employed in the control group are discussed below.
Results
Overall mean performance in Experiment 2 is summarized in Figure 3 . An analysis of performance in the semantic group revealed no significant main effect of irrelevant speech [F(1,15) = 4.2, MS e = 37.4, p = .06] or of phonological similarity (F < 1). The interaction between irrelevant speech and phonological similarity was not significant (F < 1). Planned comparisons (tests of simple main effects) revealed no significant effect of phonological similarity in quiet conditions or in the presence of irrelevant speech (both Fs < 1).
An analysis of performance in the control group revealed a significant main effect of irrelevant speech 
Discussion
The results of this experiment revealed strikingly different patterns of performance in the three groups of participants. When no encoding instructions were given, there was a significant effect of phonological similarity in quiet conditions but not in the presence of irrelevant speech. When participants were given phonological coding instructions, there were significant effects of phonological similarity even in the presence of irrelevant speech. With semantic instructions, there was no effect of phonological similarity even in quiet conditions.
The fact that there were additive effects of phonological similarity and irrelevant speech when participants were told to use articulatory/phonological rehearsal provides strong support for the phonological loop model (Salamé & Baddeley, 1982) . According to this model, visually presented material will enter the phonological store when it is articulated even in the presence of irrelevant speech. Once they have entered the phonological store, phonologically similar items will be more difficult to maintain than phonologically different items. Both types of item will also suffer interference from the irrelevant speech. Consequently irrelevant speech and phonological similarity should make separate contributions to reducing serial recall performance. Conversely, the feature model (Neath, 2000) predicts that irrelevant speech should abolish the phonological similarity effect with visual presentation of targets. The fact that there was a phonological similarity effect in the presence of irrelevant speech is therefore inconsistent with the feature model. The semantic group showed no effect of phonological similarity and a small, nonsignificant effect of irrelevant speech, with the majority of participants reporting that they had successfully used the semantic strategy that they had been asked to employ. Such an outcome shows that when instructed, many individuals can readily adopt alternative strategies that counteract the effects of variables that have long been known to interfere with serial recall performance. The performance of the semantic group in Experiment 2 therefore confirms the claim (Baddeley, 2000; Salamé & Baddeley, 1986 ) that the effects of phonological similarity will disappear if participants switch to a semantic strategy as list length increases.
The finding that irrelevant speech removed the phonological similarity effect when participants were given no encoding instructions is similar to the results of Colle and Welsh (1976) and Surprenant et al. (1999) . Because this result is quite different from that observed in the phonological group, it must be concluded that at least some of the participants in the control group were not using articulatory/phonological rehearsal strategies. Further support for this conclusion emerged when the participants in the control group were asked to outline the strategies they had used to remember the items. Whereas all of the participants in the phonological group reported using a phonological strategy, a wide range of different strategies was described by the control group. Six participants (27%) in the control group reported that they consistently used an articulatory/phonological strategy. An analysis of the performance of these 6 participants revealed a significant effect of phonological similarity both in the presence [F(1,5) = 10.7, MS e = 62.9] and absence [F(1,5) = 7.1, MS e = 62.9] of irrelevant speech. This suggests that these individuals were indeed using phonological coding. Four participants (18%) reported consistent use of a semantic strategy that involved converting the letters into words and making sentences or phrases from the words. These 4 participants showed no evidence whatsoever of a phonological similarity effect, performing slightly, though nonsignificantly, better overall on the phonologically similar items. Fourteen percent reported using a mixture of phonological and semantic strategies on different lists, with semantic strategies being used more frequently on the phonologically similar items. Fourteen percent reported changing the seven letters into seven words that started with the corresponding target letter, but instead of creating a meaningful sentence, they then repeated these words subvocally. Twenty-seven percent reported changing the letters into a smaller number of words or nonsense words by adding vowels between the target letters. For example, the sequence Y, R, J, S, L, H, Z might be converted to two nonsense words such as YARJ, SALHAZ. These two words would then be repeated subvocally. The sequence B, C, D, G, P, V, T might be converted to BOC, DIG, PRIVATE, which would then be repeated. Because they realized that the target letters were all consonants, these participants reported that they were able to avoid writing down vowels at recall.
Clearly, such a strategy would remove the phonological similarity effect because the participant would be unlikely to generate phonologically similar words. The use of this strategy and the semantic strategy fits well with what was predicted by Salamé and Baddeley (1986) when they were attempting to explain why the effects of irrelevant speech and phonological similarity tended to be additive at short list lengths and to interact at longer list lengths. Experiment 2 provides direct evidence that when lists contain seven items per sequence, some participants will adopt a strategy that negates the effects of variables such as phonological similarity and irrelevant speech. These results are also consistent with Baddeley's (1966) finding that with long sequences, serial recall is affected by semantic rather than phonological similarity between list items.
The relatively good performance of the semantic group might bring into question whether or not a phonological strategy is an effective means of retaining verbal sequences in short-term memory. It must be borne in mind, however, that the experimental manipulations that were employed in this experiment (phonologically similar lists, exposure to irrelevant speech, the use of supra-span lists) are specifically designed to put the phonological loop under extreme stress. Nevertheless, it is surprising that the semantic group performed so much better than the phonological group, and the effectiveness of semantic strategies in serial recall is well worth further investigation in the future.
GENERAL DISCUSSIO N
The results of both Experiments 1 and 2 have produced results that conflict with the predictions derived from Neath's (2000) feature model. Experiment 1 revealed additive effects of irrelevant speech and articulatory suppression with auditory presentation of list items. Neath claimed that the only way that such a result could occur would be if the irrelevant speech masked the presentation of the target items. In Experiment 1, however, similar results were obtained even when the irrelevant speech was presented after the target items. In Experiment 2, there were additive effects of irrelevant speech and phonological similarity with visual presentation as long as participants were asked to use phonological coding strategies. The feature model, however, predicts that irrelevant speech should abolish the phonological similarity effect with visual presentation when participants are using phonological encoding. 3 Overall, therefore, these results cast doubt on Neath's (p. 419) claim that the feature model "correctly predicts the interactions between irrelevant speech and other factors long considered important in the study of immediate memory."
The basic problem is Neath's (2000) claim that irrelevant speech and articulatory suppression have broadly similar effects on serial recall. Hence it incorrectly predicts no combined effect of irrelevant speech and articulatory suppression in Experiment 1, and incorrectly predicts an interaction between phonological similarity and irrelevant speech in the phonological group in Experiment 2. The results, however, show that irrelevant speech can behave quite differently from articulatory suppression. For example, in the phonological group in Experiment 2, there were significant effects of phonological similarity on visually presented sequences in the presence of irrelevant speech. In the presence of articulatory suppression, however, it is well known that the effect of phonological similarity on visually presented sequences is abolished (e.g., Baddeley et al., 1984; Longoni et al., 1993; Murray, 1967 Murray, , 1968 .
Conversely, additive effects of irrelevant speech and articulatory suppression with auditory presentation of target items (Experiment 1) and additive effects of irrelevant speech and phonological similarity (Experiment 2) with visual presentation of target items follow exactly the predictions of the phonological loop model (e.g., Baddeley, 2000) . The phonological loop model predicts effects of irrelevant speech in the presence of articulatory suppression as long as target materials are presented auditorily (Experiment 1). This is because articulatory suppression will not prevent auditorily presented material from entering the phonological loop, where it will become subject to interference from irrelevant speech. There can be phonological similarity effects on the serial recall of visually presented items even in the presence of irrelevant speech (Experiment 2) because irrelevant speech affects the storage of verbal materials within the phonological store but does not prevent access of visually presented materials to the phonological store, according to the phonological loop model. The demonstration that phonological similarity effects are removed with semantic encoding instructions is also consistent with claims made by Salamé and Baddeley (1986) and Baddeley (2000) . This finding provides support for Baddeley's (2000) suggestion that some previous studies (Colle & Welsh, 1976; Surprenant et al., 1999) failed to obtain phonological similarity effects in the presence of irrelevant speech because some participants abandoned phonological encoding strategies as list length increased. Consequently, it appears that the phonological loop model provides a superior account of the irrelevant speech effect than does the feature model. 4 The phonological loop model can also offer a possible explanation of why there are additive effects of irrelevant speech and phonological similarity with auditory presentation at list lengths in which nonsignificant effects of phonological similarity are observed with visual presentation (Surprenant et al., 1999) . Because phonological presentation automatically registers target items in the phonological store, it seems reasonable to conclude that, relative to visual presentation, it will increase the probability that participants will employ phonological coding.
Such an account could be tested by repeating Surprenant et al.'s (1999) study and asking participants to outline the strategies that they used. We predict that phonological strategies would be reported significantly more frequently with auditory presentation than with visual presentation at the sequence length that Surprenant et al. (1999) used.
One of the most attractive aspects of Neath's (2000) feature model is the fact that it can be implemented as a computational model. The model therefore contains an explicit account of the way in which serial order is retained. Performing simulations makes it possible to make precise predictions as to how the feature model will behave in the presence of one or more of the variables that are known to influence serial recall performance. It is also possible to predict the shape that the serial position curve will take. Computational models of the phonological loop have been developed in recent years (Burgess & Hitch, 1999; Henson, 1998; Page & Norris, 1998) , but none of them have as yet attempted to explain the irrelevant speech effect. Our results suggest that the phonological loop model provides an appropriate framework for understanding a number of aspects of the irrelevant speech effect, but it is clear that a lot of important theoretical work remains to be done.
